The europium(III) complex 1-Cl 3 (S,S-2,2′-(((1,10-phenanthroline-2,9-diyl)bis(methanylylidene)) bis(azanylylidene))bis(3-methylbutanamide)europiumtrichloride) undergoes, only in the presence of the amino acid tryptophan, a change of emission at 615 nm. In the presence of few equivalents of tryptophan, emission of the europium complex is enhanced while it disappears upon addition of large amounts. This behavior can be assigned to displacement of the sensitizing phenanthroline ligand of 1-Cl 2 •Trp in the latter case.
Introduction
The selective and specific sensing of biologically important molecules in water is of the utmost importance [1] . Usually appropriate bioassays are used [2, 3] . Amino acids represent an extraordinarily important class of bio relevant molecules [4] and sensing of amino acids is of great interest [5, 6] . Fluorescent biosensors offer an opportunity for the facile and in some cases highly specific detection of amino acids [7] [8] [9] .
Recently we have described the luminescent europium(III) complex 1-Cl 3 as well as the corresponding terbium(III) complex. In water the complex exists as a trication with four coordinated water molecules. Addition of an excess of different inorganic anionic species leads to a selective quenching of the luminescence, in particular with phosphate [10] and with selectivity for ATP over ADP and AMP [11, 12] . Related complexes were used to stain microalgal cells and time dependent luminescence quenching has been studied [13] [14] [15] [16] [17] [18] .
Results and discussion
In order to investigate the luminescence response of the europium(III) complex 1 ( Fig. 1 ) to small molecules, we studied its interaction with the 20 major proteinogenic amino acids in water-methanol (4:1) containing 10 mmol L −1 of HEPES buffer.
In an initial experiment the concentration dependence of the europium emission of [1] 3+ aq when excited at λ = 275 nm was tested. It could be shown that the highest emission intensity is observed at 615 nm at a concentration of 5 × 10 −5 mol L −1
. An amino acid, valine or tryptophane (100 molar equivalents), was added to a solution of the europium(III) complex (5 × 10 −5 mol L −1
) and the resulting spectra of the complex without addition of amino acid (blue line) as well as in the presence of valine (red) or tryptophan (green) were recorded (Fig. 2) .
It is well recognized that the emission spectrum of [1] 3+ aq does not significantly change upon addition of valine focussing especially on the emissions around 615 nm. Addition of tryptophan results in the disappearance of the signal. Only the tryptophan emission at 350 nm and its overtone emission are observed [19] . Figure 3 compares the fluorescence intensity of solutions of [1] 3+ aq at 615 nm upon addition of the 20 canonical amino acids. In Fig. 3a the experiment is performed at a [1] 3+ aq concentration of 5 × 10 −5 mol L −1 with addition of 100 equivalents of amino acid. Most of them do not change the spectrum significantly [20] In the case of tyrosine [21] [22] [23] [24] [25] , a strong emission increase is observed at 615 nm which hits the detection limit. This is due to the strong emission of the amino acid itself with the emission overtone covering the europium emission. An influence of tyrosine on the europium(III) emission cannot be observed. Tryptophan , when excited at 275 nm (blue line). The red line represents the corresponding spectrum upon addition of 100 molar equivalents of valine, the green line upon addition of 100 equivalents of tryptophan. is the only amino acid which leads to a vanishing of the emission at 615 nm [26, 27] .
In order to avoid hitting the detection limit, the measurement was repeated at a concentration of the europium complex [1] 3+ aq of 7.8 × 10 −7 mol L −1 and only 10 equivalents of amino acid were added. Now the relative fluorescence intensities at 615 nm shown in Fig. 3b were observed. All amino acids with the exception of tryptophan behave similar to the findings at higher concentration with more added equivalents. In case of tryptophan the qualitative effects of the two experiments are opposite to each other.
It was found that upon addition of a small amount of tryptophan the emission at 615 nm increased and with a europium ( + were observed at m/z = 763.17568. Scheme 1 suggests an explanation for the quenching behavior. At low concentrations [1] 3+ aq is in equilibrium with the dissociated species. The addition of a small amount of tryptophan leads to 1-Cl 2 •Trp. Coordinated tryptophan acts as a sensitizer enhancing the luminescence intensity. An excess of the amino acid results in the formation of a non-luminescent tris-tryptophan complex shifting the dissociation equilibrium of [1] 3+ aq
. Excess tryptophan acts as a quencher [28] .
The observation of a specific luminescence decrease of [1] 3+ aq in the presence of a large amount of tryptophan prompted us to investigate this phenomenon under competitive conditions. Therefore a mixture of the 20 proteinogenic amino acids (50 equivalents each) was added to one equivalent of europium complex [1] ( Fig. 5, green line) . The same experiment without tryptophan, adding only 19 amino acids to the complex, led to a broad emission band around 615 nm which is assigned to tyrosine fluorescence (Fig. 5, red line) . Performing the same experiment again without tryptophan and without tyrosine, adding only a mixture of 18 amino acids, yielded an emission spectrum corresponding to the "pure" complex [1] 3+ aq (Fig. 5 , blue and purple line).
Conclusions
The europium(III) complex [1] 3+ aq shows some highly specific photophysical behavior towards tryptophan over the other amino acids in water-methanol media even under competitive conditions. In the presence of an excess of tryptophan, quenching of the europium(III) emission at 615 nm is observed while small amounts of tryptophan act as a sensitizer. With tyrosine the emission of the Eu complex overlays with the tyrosine emission, while all the other amino acids do not affect the emission spectrum. Based on the described results the effect is specific but can be misleading because it highly depends on the ratio of added tryptophan and on the concentration range. The observed quenching effect is not based on reversible binding of the substrate but on complex decomposition by exchange of the sensitizing phenanthrolin ligand by tryptophan. Thus, despite its specific behavior towards tryptophan, [1] 3+ aq does not qualify as a sensor.
Experimental section
Titration experiments were performed using an LS 45 fluorescence spectrometer of Perkin Elmer. Emission intensities were determined at 615 nm in water-methanol 4:1 with 10 mmol L −1 HEPES buffer at concentrations ranging from 5 × 10 −5 mol L −1 to 7.8 × 10 −7 mol L −1
. ESI MS spectra were recorded using a ThermoFisher Scientific LTQ-Orbitrap XL spectrometer. The ligand was prepared as described in ref. [11] .
S,S-2,2′-(((1,10-Phenanthroline-
2,9-diyl)bis(methanylylidene)) bis(azanylylidene))bis(3-methylbutanamide)europiumtrichloride 1-Cl 3 The europium complex was prepared according to reference [11] by dissolution of the phenanthrolin ligand (30 mg, 0.07 mmol) and europium(III) chloride hexahydrate (26 mg, 0.07 mmol) in 5 mL of methanol. The solution is stirred for 24 h, solvent is removed and the product is dried in vacuum to obtain 54 mg of a yellow powder (quant). 
